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COCCIDIOIDOMYCOSIS iS usually a relatively benign,
self-limited infection. In a few patients, however,
the primary pulmonary infection is followed by pro-
gressive dissemination that may involve almost any
system of the body except the gastrointestinal tract.
Because of the ominous prognosis that goes with
dissemination, it would be beneficial to have addi-
tional objective laboratory tests to evaluate the clin-
ical course and activity of the infection. To explore
one possibility, the authors measured the inflamma-
tory process of 40 patients with coccidioidomycosis,
using the new electrophoretic and immunochemical
techniques now being developed (gamma globulins,
alpha, and alpha2 protein and glycoprotein), and
compared the results with those of complement fix-
ation and skin tests with coccidioidin and with the
results of conventional laboratory tests.

METHODS

The subjects were 40 consecutive patients ad-
mitted to the Kern County General Hospital, Bakers-
field, with the diagnosis of coccidioidomycosis.

* Serum protein analysis is a valuable addition
to the present methods for evaluating the status
of the individual patient with coccidioidomycosis.
The albumin protein and albumin glycoprotein
decrease and gamma protein increases in rela-
tion to severity of infection. In 40 patients with
coccidioidomycosis, changes in individual pro-
tein fractions could be significantly correlated
with conventional laboratory tests, such as the
complement fixation test, erythrocyte sedimenta-
tion rate and hematocrit.

Changes in the alpha2 glycoprotein concentra-
tion, the erythrocyte sedimentation rate and the
hematocrit value appear to be related to the de-
gree of inflammation, while the changes in the
gamma protein and the beta2 glycoprotein ap-
pear to be related to the specific antibody re-
sponse.

These patients, 30 men and 10 women, represented
a fairly typical cross-section of those seen in a
county hospital in an endemic area. Their disease,
on the basis of its clinical activity, could be divided
into four classifications: primary pulmonary infec-
tion (nine patients); benign residual coccidioidal
lesions of the lungs or pleura (four patients);
chronic dissemination (23 patients); and menin-
gitis (four patients, one with additional dissemina-
tion elsewhere, and another with a resolving benign
lung lesion).
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In addition, the patients were grouped according
to the physician's clinical estimate of the severity of
infection into those with "mild" (14 patients),
"moderate" (17 patients), and "severe" (nine pa-
tients) disease. Placement into one of these groups
was made largely on the patient's general appear-
ance and clinical course, without consideration of
any laboratory data.

CONVENTIONAL LABORATORY METHODS AND RESULTS

Coccidioidin, a filtrate of liquid cultures of Coc-
cidioides immities, is used for the various tests to
measure the status of the disease, such as the skin
test, precipitin test and complement fixation test.*

In a "positive" skin test, coccidioidin injected
intradermally produces a delayed reaction that is
read after 24 and 48 hours. This indicates that the
patient has, or has had, an infection with Coccidio-
ides immitis. Almost all patients will have a positive
skin reaction after the third week of their infection.
Repeated testing does not sensitize the patient's skin
to the antigen, nor does it result in a rise in the
complement fixation or precipitin titers. The skin
sensitivity cannot be passively transferred.10 Pa-
tients with primary infection and erythema nodosum
usually show pronounced hypersensitivity upon skin
testing.14 When dissemination occurs, skin reactivity
may decrease or disappear. Sensitivity to skin test-
ing does not rule out dissemination, but indicates
rather that the individual patient may still possess
significant resistance to the infection.14

All patients in this study were skin tested. If the
result of the first skin test (1:100 strength) was
negative, a second test with 1:10 strength was done.
Of the 40 patients, 17 had positive reaction with the
1:100 strength, seven with the 1:10 strength, and 16
were negative with both strengths. With increased
severity of disease, the skin responses were less dis-
tinct. Of the 23 patients with dissemination in this
series, four were positive to 1:100 strength, seven
were positive to 1:10 strength but not to 1:100, and
12 were negative to both strengths.
The precipitin test is useful in establishing the

diagnosis, but it has little prognostic significance.
Precipitins usually appear in the serum after the
skin test becomes positive, but disappear after three
or four months."",12 The complement-fixing anti-
bodies, if they subsequently appear, develop more
slowly than the precipitins. A rising titer usually
indicates the infection is of progressively increasing
severity, while regression usually means the infec-
tion is waning. A persistently high titer suggests the
possibility of chronic dissemination. The comple-
ment fixing antibodies do not seem to offer the pa-
tient any protection from the infection. Complement

References 1, 2, 5, 8, 10.

fixation tests were performed on all 40 patients in
this study. There appeared to be less reactivity to
the skin test in those patients having the higher com-
plement fixation titers.

In this series, the authors considered those pa-
tients with coccidioidal meningitis as a separate
group because they felt that the skin test and the
complement fixation titer did not accurately indi-
cate the prognosis when meningitis is present. The
complement fixation test may be positive in a low
titer and the skin test may be strongly positive,
while the opposite may be seen in other forms of
dissemination. Isolated meningitis can occur with-
out evident involvement of other systems, as a result
of early seeding of the meninges during the acute
pulmonary infection.

Other blood tests that are clinically useful in
prognosis and objective evaluation of the infection
include the leukocyte count, the eosinophil count,
the hematocrit value and the erythrocyte sedimenta-
tion rate. Leukocytosis roughly indicates the severity
of the primary infection, but it has questionable
significance with regard to dissemination. Eosino-
philia may be associated with erythema nodosum,
which is considered a favorable prognostic sign, but
on the other hand, high eosinophil counts may be
observed in prolonged pulmonary infiltration and
may herald dissemination of the infection.3
The complement fixation titer, erythrocyte sedi-

mentation rate and mean hematocrit value were all
significantly different in the three categories grouped
by clinical estimates of severity of infection. The
complement fixation titers and erythrocyte sedimen-
tation rates progressively increased with severity of
infection, but there was considerable overlap of the
values from group to group. There was relatively
little difference between the hematocrit values of the
patients with "mild" disease and those with "mod-
erate" disease. The lowest hematocrit values were
usually associated with severe infection, and the
authors found almost no overlap between the he-
matocrit values of the patients with "severe" infec-
tion and those patients with "mild" or "moderate"
infection.

C-reactive protein was significantly associated
with a progressive increase in severity of infection.
Only two of fourteen patients with "mild" disease
had positive reaction, while 18 of 26 patients with
"moderate" or "severe" infections had positive
reaction.

Progressive infection is frequently associated with
increased globulin and decreased albumin in the
serum. Simple chemical determinations of these pro-
teins have been used empirically by some clinicians
as aids in evaluating the severity of the disease. For
example, in another study, the serum albumin and
globulin levels were determined in 25 cases of dis-
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Chart 1.-Mean serum protein profiles (absolute con-
tent of patients with relatively "mild" (1), "moderate"
(2), and "severe" (3) coccidioidomycosis. Normal mean
(m) and standard deviation (a) indicated by horizontal
lines.

seminated coccidioidomycosis before and after am-
photericin-B therapy.7 Before treatment, the mean
albumin level was 3 gm. per 100 cc. in these pa-
tients, and the mean globulin level was 3.9 gm. per
100 cc. After three months of therapy, the mean
albumin level had risen to 4 gm. per 100 cc. and the
mean globulin level had fallen to 2.8 gm. per 100 cc.

IMMUNOCHEMICAL METHODS

Serum was stored at -10° C. and remained in a
thawed state for not more than 24 hours before use
in testing. Total serum proteins and glycoproteins
were determined by the methods of Weimer and
Moshin.13 Serum electrophoretic patterns were de-
termined with the Spinco system,9 using the peri-
odic-acid-Schiff stain and the Model RB Analytrol
for quantitation. C-reactive protein levels were de-
termined by a quantitative gel-diffusion technique.4

The absolute protein and glycoprotein content in
each electrophoretic fraction was computed from the
product of the total serum concentration and the
relative per cent of total migrating in the individual
electrophoretic fractions.

Chart 2.-Mean serum protein profiles (relative per
cent) of patients with relatively "mild" (1), "moderate"
(2) and "severe" (3) coccidioidomycosis. Normal mean
(m) and standard deviation (a) indicated by horizontal
lines.

IMMUNOCHEMICAL RESULTS AND COMPARISONS

Relationship of Electrophoretic Fractions to
Severity of Infection
Serum protein fraction concentration showing

significant differences related to progressive in-
creases in severity of infection include the follow-
ing: the total serum glycoprotein, gamma1 protein,
alpha1 glycoprotein, total beta-glycoprotein, albumin
protein and albumin glycoprotein. However, there
were no significant differences in the electrophoretic
patterns of glycoproteins when judged only by their
relative per cent distribution, except for a progres-
sive increase in the per cent migrating in the albu-
min fractions with increasing severity of infection.
The electrophoretic patterns of the proteins, how-
ever, showed significant differences with respect to
the per cent which migrated as gamma, protein and
albumin. With increasing severity of infection, there
was a progressive increase in the per cent migrating
as gamma1 protein, and a progressive decrease in
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the per cent migrating as albumin. (See Charts 1
and 2.)

Correlation of Electrophoretic Fractions
with Clinical Tests
Both the absolute and relative concentrations of

albumin and gamma, protein showed significant
correlations with the complement fixation titer and
the erythrocyte sedimentation rate, and to a lesser
degree, with the hematocrit. Both the absolute and
relative concentration of the alpha2 fraction showed
a significant positive correlation with the sedimen-
tation rate, a negative correlation with the hemato-
crit value, and no significant correlation with the
complement fixation titer.
The total serum glycoproteins showed a signi-

ficant correlation with the complement fixation titer
and the sedimentation rate, but not with the hemato-
crit values. Most of this increase was due to smaller
increases in the alpha2 and beta2 glycoprotein elec-
trophoretic fractions. The hematocrit correlated pos-
itively with the absolute and relative concentration
of glycoprotein in the albumin electrophoretic frac-
tion, but not with that in the alpha2 fraction.

Relationship of Serum Protein Profiles to the
Clinical Type of Disease

There were no characteristic serum protein profiles
for the various clinical types of disease. In the four
patients with meningitis, there was little alteration
of the protein patterns, although there were signifi-
cant increases in the alpha glycoproteins. Two of
these patients, however, also had lesions outside the
central nervous system (pulmonary in one, osseous
and cutaneous in the other). The four patients with
solitary benign pulmonary or pleural lesions showed
relatively normal patterns for proteins and glyco-
proteins, except for increases in alpha1 glycoprotein.
Alpha glycoprotein increases are associated with in-
flammation, and these increases may indicate con-
tinued active inflammation in these patients.

DISCUSSION

Of the laboratory tests currently used in the man-
agement of patients with coccidioidomycosis, it is
generally thought that the complement fixation test
offers the best guide to the severity of the infection.
Even when this test is readily available, however,
there is always need for additional objective and in-
dependent laboratory tests to aid in the management
of coccidioidomycosis. The serum protein profile,
when judiciously interpreted in the light of other
clinical and laboratory data, is a valuable additional
measure of the severity of the infection.

Unlike the results of complement fixation test, the
abnormalities of the serum protein profile have no
diagnostic or etiologic specificity. The available clin-

ical evidence indicates that the total serum glyco-
proteins, particularly those of the alpha1 and alpha2
fractions, primarily reflect inflammation. It is widely
thought that the increases in the gamma proteins,
and possibly the beta2 proteins, reflect to some ex-
tent antibody formation. However, recent studies
have demonstrated considerable physico-chemical
and immunological heterogeneity of these fractions,
and it is likely that, in patients with very high val-
ues, only a relatively small portion of this fraction
would consist of specific antibodies to Coccidioides,
when considered gravimetrically.
The data of this study suggest that variations in

the complement fixation titer, erythrocyte sedimen-
tation rate and hematocrit value possibly reflect
different patho-physiologic phenomena. The comple-
ment fixation titer, presumably a direct measure-
ment of specific antibody response, shows a sig-
nificant correlation with the absolute and relative
concentrations of gamma globulin which is consist-
ent with an antibody response. It is assumed that the
negative correlation with albumin is due primarily
to the non-specific decrease in this fraction observed
in most severe infections or inflammatory diseases
associated with the indirect nutritional effects on the
serum proteins.
The correlation of the sedimentation rate with the

alpha2 protein and glycoprotein fractions is less eas-
ily explained. Increases in the sedimentation rate
have been attributed to increased fibrinogen, globu-
lins and haptoglobulins. Previous studies of serum
protein profiles in other infectious and inflammatory
diseases demonstrated a correlation between the
alpha2 protein, particularly the alpha2 glycoprotein
fraction, and the degree of inflammation.6 Assuming
this relationship exists in coccidioidomycosis, the
erythrocyte sedimentation rate would appear to cor-
relate with the degree of inflammation as well as
with the antibody response.
The hematocrit was relatively normal in the pa-

tients with "mild" or "moderate" infections, with
relatively little depression until the infection was
"severe." There was also relatively less correlation
between the hematocrit and the protein electropho-
retic fraction. The relative concentration of the albu-
min and alpha2 glycoprotein fractions, however,
showed a closer correlation.
The physician's clinical estimate of the severity

of the infection correlated closely with many of the
objective laboratory determinations. The value of
the hematocrit in estimating severity of infection is
limited somewhat by the lack of a significant de-
crease until the infection has become extensive. The
small overlap of values of patients with "severe" in-
fections and those of patients having "mild" and
"moderate" infections indicates a relatively high de-
gree of specificity.
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The complement fixation titer showed more varia-
tion due to severity of infection than did the erythro-
cyte sedimentation rate. The increase in these two
measurements was also progressive through all three
clinical categories, indicating their value in detect-
ing dissemination following the primary infection.
The complement fixation titer appears to be the
more reliable of the two, because of its specificity
and possibly its greater sensitivity. However, it is
difficult to perform and is not widely available; and
the erythrocyte sedimentation rate will usually be
the more useful as a routine test in clinical manage-
ment, with the complement fixation test used only
at monthly or bi-monthly intervals.

Testing for C-reactive protein, which is never
found in the serum of healthy patients and is usu-
ally associated with clinically significant inflamma-
tion, may sometimes be useful in the clinical
management of patients with coccidioidomycosis.
Most patients who had extensive pulmonary or extra-
pulmonary disease had C-reactive protein in their
serum, while those with mild infections usually did
not. The principal limitation of this test is its non-
specificity, in that it may also be positive due to
inflammation from causes other than coccidioidomy-
cosis.
The applications of serum protein analysis in the

clinical management of coccidioidomycosis requires
more extensive evaluation, particularly extended
serial studies in individual patients. It compared
favorably in this cross-sectional study with other
methods for estimating the extent of disease. It is
more easily standardized than the complement fixa-
tion test, but lacks its diagnostic specificity. The
main value of the serum protein analysis will prob-
ably be as an additional, independent and objective
laboratory test which may be clinically useful in
measuring the response of the host to his disease.
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